Introduction
Consider a single-server FIFO queue with two types of arrivals, regular and negative. Regular arrivals correspond to customers who upon arrival, join the queue with the intention of getting served and then leaving the system. At a negative arrival epoch, the system is affected if and only if customers are present; in which case a customer is removed from the system. Intuitively, the introduction of negative arrivals makes the system less congested than if they were not present. In particular, one would expect that a steady-state distribution for queue length can exist even when the regular arrival rate is greater than the service rate. In the present paper, we consider several single-server models of this type and give necessary and sufficient conditions for the existence of a unique steady-state distribution of queue length. As we show, the stability conditions may depend upon more than just arrival and service rates.
The notion of negative arrivals was introduced in [3] in the case of a Markovian network generalising a Jackson network [4] to include negative as well as regular 246 E. GELENBE, P. GLYNN AND K. SIGMAN (positive) arrivals. In particular, it was shown [3] that such a network has product form, though its customer flow equations are non-linear. Several practical applications motivate these kinds of models. Negative arrivals can represent commands to delete some transaction, as in distributed computer systems or databases [1] in which certain operations become impossible because of locking of data or because of inconsistency. Negative and positive customers may also represent inhibitory and excitatory signals, respectively, in mathematical models of neural networks [5] , [6] , while queue length in this case represents the input potential to a neuron. Other types of models that allow customers to leave early before service (but not due to external causes as in the present paper) have been considered in the literature and are called queues with impatient customers or queues with reneging (see for example, Section 2.9, p. 122 of [5] ).
Removal of the customer in service
In this section we consider the case when a negative arrival removes the customer (if any) in service (RCS). We study two different models of this kind. The first Our second model assumes that the superposition of negative and regular arrivals forms a renewal process with general interarrival time distribution F assumed to have non-zero finite first moment; T will denote a generic random variable -F. Independent of the past, with probability 0< p < 1 an arrival is regular and with probability q = 1 -p an arrival is negative. We assume that customer service times (S,:n n 0} are i.i. 
Removal of the customer at the tail of the queue
In this section we consider a model where at a negative arrival epoch, the customer in the system who arrived most recently is removed; if the system is empty then nothing is done. Observe that the only time a customer is removed from service is when he is the only one in the system at a negative arrival epoch. This model amounts to removing the customer at the tail of the queue; hence, we refer to it as the RCT model. We assume that the superposition of regular and negative arrival times, t,) }, forms a renewal process at rate 0 < A < o0 with interarrival times T, i.i. (t,, S,, K,) where t, denotes the nth arrival (regular or negative), S,, the nth arrival's service time (we imagine that negative arrivals bring one with them), and K, is defined as before. By construction, every negative arrival finds an empty system and hence has no effect on the system; p < 1 remains the correct stability condition. Moreover, the proportion of arrivals that are negative is strictly greater than zero. Finally observe that the point process regenerates at each negative arrival epoch.
